Background Echobiometric evaluation of extraocular muscles in normal subjects has been performed previously, but only in adults.
The thickness of the extraocular recti muscles has been measured by several groups of investigators who used various methodologies; however, the measurements were performed only in adults.
-5
SERGIO SACCA , ANNA POLIZZI, ANGELO MACRI , GERMANO PATRONE,
MAURIZIO ROLANDO
The maturation process of the oculomotor system in the period immediately following birth and several genetic and epigenetic factors influencing thickness are known, 6 -8 but no data available regarding the thickness of the extraocular recti muscles during childhood and the developmental process is not known.
The goal of the present study was to evaluate the variations in age-related extraocular recti muscle thickness using echographic measurements.
Materials and methods
All participants were recruited from among healthy subjects treated in the paediatric clinic and among the healthy subjects of the general outpatient clinic in our department. All study participants were fully informed about the goal of the research. Consent was obtained from the subjects themselves or, in the case of children, from their parents.
The thickness of the recti muscles were determined echographically in both eyes of 75 healthy subjects (38 females, 37 males) who had no evidence of disorders of ocular motility. All participants had a refractive error between � 1.5 and + 1.0 dioptres and were free from systemic and ophthalmological diseases that could affect the development or growth of the extraocular muscles.
The subjects were divided into three age groups: 5�10 years (46 eyes, 23 subjects), 11�15 years (48 eyes, 24 subjects) and 28�37 years (56 eyes, 28 subjects).
The measurement technique used was that proposed by Ossoinig, z · 9 , 10 which allows the transbulbar echographic determination of the maximum thickness of the muscle. The muscle was evaluated in the primary gaze position with the subjects fixating on a light point 5 m away. The echographic probe was located in the transbulbar position corresponding to the antagonist muscle as close as possible to the equator; the probe was angled posteriorly, thereby shifting the sound beam (sound velocity 1550 m/s) along the underside of the muscle to determine from the graph the maximal, steeply rising, double-peaked sheath spikes. The two spikes represent the muscle wall. The muscle thickness (in millimetres) was determined using electronic cursors positioned at the two superior apices of the spikes (Fig. I) Y
The muscles were measured at a tissue sensitivity of -20 dB. These determinations were performed by a Biovision B-scan-S (BV International, Clermont-Ferrand, France) in standardized A-mode (frequency, 10 MHz; biometry resolution, 0.15 mm; depth, 40-60 mm; points on X axis, 512; levels on Y axis, 256) by the same highly experienced operator who repeated each measurement five times. The average and the standard deviation of these five values were then calculated. The coefficient of variation, that is, the standard deviation/mean x 100, of each muscle of each subject was calculated. The averages of all coefficients of variation were then evaluated for the three groups.
The muscle thickness value represents the mean of the five previous measurements and thus the average thickness for eyes within individuals formed the basic unit of measurement. The muscle thickness values were statistically elaborated; the mean, the standard deviation, and the 5th and 95th percentiles were calculated. The one-way ANOV A test was used to compare the three age groups. A two-tailed paired t-test was used to study the differences between the right and left eyes and a two tailed unpaired t-test was used to study the differences between subjects who were 5-10 years of age and those who were 11-15 years old, and then between subjects who were 11-15 years old and those who were 28-37 years old.
Results
The coefficient of variation in the subjects who were 5-10 years old was 8%; it was 5% for subjects 11-15 years and 28-37 years old. The results are summarised in Table 1 . Statistically significant differences were found for the increases in thickness of all recti muscles between the subjects aged 5-10 years and those aged 11-15 years, and between the subjects aged 11-15 years and those aged 28-37 years (for details see Table 2 ). The superior rectus muscle was the thickest in the subjects 5-10 years of age. The medial rectus muscle increased the most in thickness among the three age groups. The percentage increases in muscle thickness of the four recti muscles in the three groups are shown in Fig. 2 .
No statistically significant differences were found between the left and right eyes. The differences among the three groups were significant (p < 0.0001 using the one-way ANOV A test).
Discussion
Echobiometric measurement of the thickness of extraocular muscles was described for the first time by McNutt et al. in 1977, 2 after which the technique was routinely used in ophthalmology clinics. l -4 The determination of the thickness of extraocular muscles was performed using computed axial tomography and more recently magnetic resonance tomography, which both have yielded results similar to echobiometry Y -14 As a result, echobiometry is usually used to follow patients with Graves' disease 5 , 14 , 15 and other extraocular myopathies 16 , 17 instead of radiological examination, which is more expensive and sometimes requires general s L M 30% anaesthesia when children are examined. The validity of the results obtained using this technique have been debated; 12 , 13 however, many experienced authors agree that it is accurate and reproducible. 1 , 15 , 17 The method used in the present study is the same as that described by McNutt and colleagues; 2 all measurements were performed by the same operator to avoid inter-operator variability. This resulted in a more than acceptable coefficient of variation. The coefficient of variation was slightly higher (8%) in children 5-10 years of age, probably because they were less cooperative compared with those in the older age groups, in which the coefficient of variation was 5%.
The range of thickness of the extraocular recti muscles detected in the present study in the adult subjects is close to the ranges measured by other authors (Fig. 3) . The differences in range among these authors may be attributable to sample variability, differences among the instruments used, the clinical experience of the operator, and the inter-operator variability.
According to Demer and Kerman, 12 every echographic centre should have its own range of normal values. The purpose of the present study, however, was not to add to the literature another range of normal values for adult healthy subjects, but to cross-sectionally compare three age groups to detect significant changes in the thickness of extraocular recti muscles.
It is noteworthy that older subjects generally have thicker muscles, which suggests muscle growth with age, at least for the three age ranges we evaluated. Our results lead us to theorise that the increase in thickness of each extraocular muscle differs according to the muscle. In fact, we found that the thicknesses of the lateral and superior recti muscles were not highly significantly different when the subjects aged 11-15 years and 28-37 years were compared. In contrast, the thicknesses of the medial and inferior recti muscles in the subjects 11-15 years old were highly significantly different and thinner than in the subjects aged 28-37 years (Table 2) . 
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D 28-37 years Our findings suggest that the increase in thickness of the superior and lateral recti seems to slow down by age 15 years while the thickness of the medial and inferior recti muscles continue to increase.
Extraocular muscle growth is probably influenced by several factors, namely growth factors, neuronal influences, and the development of the motor visual system in toto. s Nevertheless, the different rates of growth of the extraocular recti muscles suggest a correlation between age and the different uses of these muscles.
During puberty, metabolic and hormonal changes cause modifications of the connective tissue and the muscle fibres. Is The growth in muscle thickness is reported to be the result of increases in connective tissue among the muscle fibre. 6 Therefore, the increases in the thickness of the extraocular recti muscles seen in children 5-10 years old and those in the subjects 11-15 years old are probably the result of incremental increases of ageing, which is similar to that seen in other organs. However, the growth of the inferior and medial recti also continues after puberty. Therefore, we believe that the well-known concept of structure following function can be applied to these muscles, because, even if the structure is similar, the function is different and the types of fibres also are different. 19 Drachman 20 reported that the type of muscle structure is determined by the innervation pattern, with the muscle characteristics being able to adapt to the frequency of innervation or the amount of work to be done. Nevertheless Rosenfeld 2 indicates that adaption vergence varies with the age and is independent of the tonic innervation.
Furthermore, the hypothesis of McNutt and colleagues 2 suggests that the medial rectus muscle increase in thickness in proportion to the number of hours spent reading. Therefore, we believe that the stimulus of near vision is the main cause of development of the medial and inferior recti during and after puberty, when the number of hours engaged in reading generally increases. Interestingly, the individuals aged 28-37 years had reached a high level of education (even though it was not an inclusion criterion); 98% of these subjects had at least passed the college matriculation examination.
The results of the present study indicate that all extraocular recti muscles increase in thickness from childhood, and this development is probably attributable to not only the biological growth of the muscle system but also to the increase in 'functional' thickness of the inferior and medial recti muscles.
